Water is an essential nutrient for all physiological functions and particularly important for thermoregulation. About 60% of our body weight is made of water. Under standard conditions (18-20 ° C and moderate activity), water balance is regulated within 0.2 % of body weight over a 24-hour period. Water requirement varies between individuals and according to environmental conditions. Concerning considerations related to obesity, the health impact of fluid intake is commonly overlooked. Fluid intake advices are missing in most of food pyramids offered to the public, and water requirements and hydration challenges remain often neglected. The purpose of this paper is to emphasize and discuss the role of water consumption in the context of other important public health measures for weight management. Attention will be focused on fluid intake patterns and hydration-related questions in the context of global interventions and/or physical activity programs settled in weight management protocols.
Introduction
The prevalence of overweight was higher among men in all 36 European countries, and prevalence of obesity was also higher in men in 14 of 36 countries [1] . Until now the geographical zones protected from the epidemics are only located in some desert areas of Africa often characterized by food shortage periods and famine. The increased prevalence of overweight and obesity in children and adults has been examined in most EC countries [2] [3] [4] [5] [6] . In light of the immigration drive towards EC countries, some national discrepancies must be considered. For example, a declining prevalence of overweight is observed in Dutch girls while in Turkish children living in the Netherlands overweight prevalence and obesity is high and increasing [7] .
Questions remain largely open concerning the determinants of the obesity pandemic which cannot have its cause in a shift of a genetic makeup although some epigenetic alterations cannot be excluded [8] . Globalization of westernized behaviors has led to food security and reduction of poverty; however, this is also associated with detrimental effects such as increased consumption of sugar-sweetened beverages (SSBs), increased portion sizes, calorie-dense foods, and low-cost high-energy food of poor nutritional quality. An increased number of meals consumed throughout the day is observed. A recent study has shown that Western-style fast food intake increases the risk of developing cardiometabolic diseases in an Eastern population [9] . Curiously, it was noted that, in contrast to the USA where fast food consumption tends to be higher among people with lower education and poor economic status, consumers in Asian countries were more educated, smoked less, and were more physically active [10] . This is a point which strengthens the association between fast food consumption and cardiometabolic risks, irrespective of other social determinants. Differential trends towards obesity expansion have been reported according to the economic status in a number of countries including such of the EC; high prevalence of obesity is observed in socioeconomically disadvantaged populations [1] . Social inequalities in overweight and obesity have persisted even in EC Nordic countries that are considered to be affluent and reputedly the most egalitarian in the Western world [11] . In addition to the most currently proposed reasons to explain the increased prevalence of obesity (i.e., deleterious food marketing practices leading to purchase of increased portions of energy-dense items and drastic reduction of physical activity), alternative contributors to the obesity epidemic must also be considered as done in two recent reviews [12, 13] .
An increasing prevalence of cardiovascular risk factors and the metabolic syndrome due to changes in diets and lifestyle is commonly described. Trends and risk factors have been extensively considered and discussed in a number of review articles [14] [15] [16] [17] . Some recent reports have claimed that the obesity epidemic seems to have stabilized since the end of the 20th century [18, 19] . However, some biases in the data which could explain this trend have recently been proposed and discussed. Focusing on trends in waist circumference rather than BMI leads to a less optimistic conclusion: the public health problem of obesity is still increasing [20] . An alarming upward trend of more severe forms of childhood obesity has been reported in the USA (i.e., from the National Health and Nutrition Examination Survey, 1999 to 2012) [21] . Problems in population sampling and the low participation rate in surveys may mask the evolution of obesity over time. Response rates in health surveys are strongly influenced by degree of fatness, intelligence, educational level, social class, age, and proximity of residence [22] . Additionally, appropriate epidemiological data are not available everywhere.
Once obesity is present, treatment becomes increasingly complex due to biological, physiological, behavioral, and cultural determinants that become entrenched in the long term. Despite some progress in obesity management, there has been a progressive rise in its prevalence that has spread to developing countries. Once an individual becomes obese, it is difficult to lose weight and maintain a lowered body weight. Limiting weight gain in the long term by early nutritional and behavioral interventions will reduce the prevalence of obesity among children and adolescents. Preventing and tackling obesity requires coordinated efforts of the health care systems, but efforts will be rather limited if industry and governments are not fully involved. The World Health Organization (WHO Regional Office for Europe), European parliamentarians as well as reports from national agencies in the UK and some other EC countries have concluded that advertising and promotional marketing of foods and beverages have a sufficient negative effect on children's diets to justify action [23] . Population-wide interventions are necessary to promote positive behavioral changes. Moreover, since in utero impacts are probable, it is necessary to implement follow-up of pregnant females and initiate early surveys in childhood obesity to obtain comparable data and to establish feasible intervention strategies.
The purpose of this paper is to present and discuss the role of water consumption in the context of other important public health measures for weight management. Attention will be focused on fluid intake patterns and hydration-related questions in the context of global interventions and/or physical activity programs settled in weight management protocols. Diet-related questions will not be considered in the present review.
Global Strategies: Lifestyle Counseling to Motivate Behavioral Changes
Large-scale motivation-based intervention programs aimed at modifying lifestyle through behavioral changes have shown some beneficial effects on prevention of overweight and type 2 diabetes. Since adults have higher proportional weight gain than children for the same proportional increase in energy intake, mostly because of a higher fat content of the weight being gained [24] , it is important to propose strategies adapted to the age of the target population. Large-scale intervention studies have been implemented in countries such as the USA [25] , China [26, 27] , Finland [28] , and India [29] . Several school-based intervention programs have not shown decreases in the degree of obesity, but rather positive changes in food intake patterns habits in school children in the USA [30, 31] . Although effects are rather modest, the global conclusions are encouraging and validate the feasibility and efficacy of such interventions. When the efficacy of an intervention is confirmed, the procedures should be scaled up to the national level and continued on the long term in countries affected by the obesity epidemic. A notable example is the North Karelia Project (launched in 1972) in Finland, which revealed that an integrated community-based intervention on diet and lifestyle can reduce coronary heart disease risk and mortality by 80% [32] . This ambitious program dramatically modified the social and physical environment of the community after having raised the awareness of the severity of the disease in the population. The essential point of the program was the ability to drive the involvement of the global community to work closely with and maintained adherence to the global project. The partners included health services, schools, supermarkets, food industry, community leaders, local media, and nongovernmental organizations. After successful results during the 5-year intervention, the project was expanded country-wide, and expert guidelines were created [33] . Another example are the studies conducted inside the EPODE (Ensemble, Prévenons l'Obésité Des Enfants) program, a community-based intervention program initiated in France, that has clearly shown that childhood obesity is reduced in towns implicated in the prevention strategies compared with matched control towns. EPODE is now being implemented in more than 293 cities in Europe [34] . This kind of intervention, which requires positive contribution of a large number of partners, must be encouraged. Restriction of unhealthy beverages and food promotion to children requires the voluntary contribution of industry or its control by legislation. Alliances in countries towards such initiatives are essential.
All interventions to favor healthy lifestyles must be designed to influence social, economic, and physical environment. Specific attention must be paid to cultural differences affecting weight loss interventions. Due to immigration, the European population is becoming ethnically diverse. Dietary patterns and weight-related concerns and behaviors differ among adolescents and adults in all ethnic groups. Adapted intervention strategies within targeted populations could be of interest. A recent study revealed that even within a relatively homogenous sociodemographic community (with a high prevalence of adult obesity at 28.7%) a range of interventions and messages must be tailored for different population segments that vary in their readiness to change and confidence about tackling obesity [35] . Ethnic differences in weight loss success may also result from a combination of physiological, behavioral, sociocultural, biological, and programmatic factors [36, 37] .
Diet Improvements and Physical Activity Are Expected to Have an Impact on Public Health
Physicians have the responsibility to recognize obesity as a disease and to propose appropriate treatments to their patients. Diet is the leading cause of health loss globally according to the Global Burden of Disease (GBD) 2010 [38] . There is general agreement that messages about food and diet should be supported by national dietary guidelines. Ministers and representatives attending the WHO European Ministerial Conference on Counteracting Obesity (Istanbul, Turkey, November [15] [16] [17] 2006) adopted The European Charter on Counteracting Obesity and proposed principles, goals, and framework for action [39] . It was claimed that the obesity epidemic is reversible, and progression toward reversion of the trend, relating to children and adolescents, should be possible by 2020. Among the intervention strategies, improved diet and physical activity are expected to have a significant impact on public health. The changes in Europe achieved since 2006 are rather disappointing. In front of the numerous putative contributors to the obesity epidemic, some factors probably remain neglected [13] .
The balance between the responsibilities of individuals, health advocates, governments and society must be clarified. It seems essential to improve mobilization of partners and operational synergies across the different sectors. Professional networks and the food industry must be encouraged to promote healthy diets in accordance with national guidelines and international standards. Incentives to practice responsible marketing to support the global strategy are essential. The WHO Regional Office for Europe will provide decision makers with examples of good practice and case studies. Today, in 2014, what is the true impact and efficacy of such claims? What is the follow-up of the practical initiatives of EC? Lastly, what is the social input of the proposals for government's regulations towards healthier food and beverages production? Giants of the industry selling foods and drinks have major difficulties to follow policymakers and to adopt voluntary guidelines to provide safer products. Moreover, all industries building products leading to inactivity (cars, screen-based entertainments etc.) must also be involved in the global struggle against overweight and obesity.
Since obesity care varies noticeably across European regions, efforts have been engaged. The efficacy of long-term weight management remains a debated question in the USA [40] [41] [42] . To achieve a long-term weight loss and reduction in cardiometabolic health risks is an uneasy task and requires intensive lifestyle interventions which are usually costly and time demanding. The European Association for the Study of Obesity (EASO) has developed a broad network of specialized obesity centers (i.e., EASO Collaborating Centers for Obesity Management (COMS)). Various detailed recommendations for an improvement of the management of obesity in adults [1] and in children [5] have been proposed by the EASO specialized task forces. They aimed to provide simple and practical approaches for the assessment and also the management of overweight and obese children and/or adults. Unsatisfactory results in weight management may represent one of the reasons why physicians, particularly general practitioners, are discouraged from the treatment of obese patients. The creation of networks of care is highly recommended. To obtain optimized efficacy, the association of the general practitioner with other experts, such as obesity specialists, nutritionists or dieticians, exercise physiologists and behavioral therapists (psychologists/psychiatrists), is highly encouraged [43] . To reach the populations in an efficient manner, it is important to implement practical guidelines on healthy lifestyle at the local level in every city. In addition, at worksites, facilitation and promotion of the practice of physical activity must be encouraged whenever possible.
Increasing evidence confirms that food and beverage advertising affects children's food choices and intake. Scientific peer-reviewed papers have reported that advertising for less healthy foods and beverages continue to be found in different countries worldwide. A tendency to shift the market pressure for energy-dense products into countries with fragile and less regulated environments remains common practice. The majority of soft drink sales are outside North America and Europe. The rate of increase of these sales is highest in low-and middle-income countries. It is quite obvious that 'adherence to voluntary codes may not sufficiently reduce the advertising of foods which undermine healthy diets, or reduce children's exposure to this advertising' [44, 45] . Taxing SSBs has been proposed in high-income countries to reduce obesity and type 2 diabetes. Differences in country-specific contexts create uncertainties in its possible outcomes. It was subjected that SSB and soft drink taxation policy may be more effective in reducing obesity prevalence where existing obesity prevalence and soft drink consumption levels are high [46] . Apparently SSB drink taxes influence BMI but the impact is suggested small in magnitude, at least in the USA [47] . These results are influenced by a very strong lobby seeking to undermine the message as shown in television documentaries. By contrast other researchers from USA support SSB tax taking into account other available scientific evidence [48] . Although the effect is suggested small, we should have in mind that a reduction of 131 kcal/day over a period of 10 years would have reversed the 0.43 kg/year weight gain among children aged 2-7 years [49] . Estimate of the potential health effects of such a fiscal strategy in the middle-income country of India was recently detailed. It was noted that when they reduce consumption of SSBs, consumers were found to have a tendency to increase net intake of calories from other drinks [50] . An econometric and comparative assessment risk modeling study performed in the UK has led to the conclusion that a 20% tax on SSBs would lead to a reduction in the prevalence of obesity of 1.3% (around 180,000 people). The greater effects may occur in young people [51] . Introduced energy drinks taxes in France and Hungary have not been yet evaluated to obtain measurable health impacts. Governments and food industries should work together to reduce the price of healthy food and beverages. Socioeconomically disadvantaged countries and populations will particularly benefit of such decisions.
Specific Policies for Beverages Must Be Improved

Impact of SSB Consumption on the Obesity Epidemic
Evidence exists for immediate action concerning SSBs [52] [53] [54] . Is it sufficient to convince the populations concerned by SSB consumption? Will reducing SSB consumption reduce obesity? Some groups, often supported by sugar industries and soft drink associations, continue to feed the controversies and scientific debate [55] . According to some authors, evidence supporting conjecture is strong, but evidence when testing effect is weak [56] . In fact, studies funded by industries are less likely to find associations than studies funded from elsewhere [55] [56] [57] [58] . Financial conflicts of interest may bias conclusions from published systematic reviews on SSB consumption and weight gain or obesity [59] . 'Sweetened beverages' refer to soft drinks, sport drinks, fruit drinks and SSBs. US children and adolescents today derive 10-15% of total calories from SSBs and 100% fruit juice; increasing consumption is observed in all ages [49] . There is epidemiological evidence that SSB consumption increases the risk of overweight, obesity, and type 2 diabetes. Consumption is progressing regularly around the world and, at all ages, the cardiometabolic effects from excessive consumption are profound [52] . Results from cross-sectional studies and prospective studies with long follow-up have shown a positive association between excess SSB intake and weight gain and obesity in both children and adults [60] . A recent crosssectional analysis clearly showed that consumers of SSBs were more likely to display metabolic abnormalities compared to non-consumers in a dose-dependent manner [61] . Similarly, in a prospective study of Spanish university graduates an increase in SSB consumption was associated with a higher risk of developing metabolic syndrome and other metabolic disorders [62] . A meta-analysis including 5 experimental and 14 prospective studies concluded that consumption of soft drinks was a determinant of obesity [63] . The last published metaanalysis on this topic achieved the same conclusion [64] . Putative relationships between SSB intake and genetic risk of obesity were recently studied in three separate cohorts of men and women [65] . A recent report has shown that SSB consumption in adolescence and changes in SSB consumption from childhood to adolescence are both significant predictors of change in body fatness later in early adulthood [66] . The specific effect of SSBs on body weight/obesity is still not completely understood but SSBs increase body weight/fat mass though not to a significant degree in all studies [67] . However, exposure to high fructose during critical periods of development of the fetus, neonate, and infant is suspected to be obesogenic. Lifelong alterations of neuroendocrine pathways, appetite control, feeding behavior, adipogenic processes, distribution of fat deposits, and metabolic systems have been reported [68] .
Despite promising initial results, studies remain necessary to investigate the mechanism, linking a high consumption of calorically sweetened beverages to subsequent development of overweight and obesity. Apparently, persons exhibiting a predisposition to obesity (e.g., defined with a genetic predisposition score calculated on the basis of 32 BMI-associated loci) seem to be more specifically susceptible to the effects of SSBs on BMI [65] . Noteworthy differences in SSB consumption exist between countries and ethnic groups [37] and could explain discrepancies existing between some findings reported by various international groups. As an example, children in the USA consume on average almost three times as many calories from SSBs as the amount reported in a study performed in the normal-weight Dutch children population [69] . Nevertheless, SSB consumption has also been identified as a risk factor for obesity in several European prospective and intervention studies [69] [70] [71] [72] [73] [74] . Most American adults consume more added sugar than is recommended for a healthy diet, and a significant relationship was observed between added sugar consumption and increased risk of mortality from cardiovascular diseases [75] . Despite numerous claims and guidelines from health authorities, most American adults were not aware of the actual kilocalorie content of SSBs. It is unclear if health education on the energy content (i.e., calorie content) of SSBs may be beneficial or if some new education tricks must be discovered and extended. Longitudinal studies are still needed to explore associations between knowledge about energy provided by SSBs and SSB intake [76] . A so-called 'well tolerated' intake of SSBs is not determined. Accordingly, intake of SSBs should generally be reduced as much as possible to improve the health of the population.
The Shifts from SSBs to Other Beverages and Water Consumption
The debate about the benefit of a shift from SSB consumption to low-calorie sweeteners or water intake remains largely open. Referring to the fact that liking for sweetness is an innate human trait that exists from birth, a number of scientists, often supported by industry, proposed to replace sucrose and/or fructose contained in SSBs by non-nutritive sweeteners (NNS). NNS are also told low-calorie or non-caloric sweeteners. Five of these agents are considered as food additives by the Food and Drug Administration (FDA) (i.e., saccharin, sucralose, aspartame, acesulfame-K, and neotame). Stevia is the latest and considered as a 'natural' sweetener [77] . The tendency to shift from SSB consumption to NNS beverage consumption was heavily supported by the scientific community although the potential role of NNS in facilitating reduction of added sugar intake is far from being evident. Consumers have raised concerns about the taste of some NNS which led to the development of multiple new NNS products and claims about NNS being 'real' sugar (such as sucralose) or 'natural' (such as Stevia). Nevertheless, NNS intake is quite common before any shift to dietary water alone (tap water when accessible or bottled water when tap water is contaminated). Adults are higher consumers of NNS-supplemented beverages than children or adolescents [78] . The consumption of NNS has been associated with protection against weight gain over time [79] . Short-term randomized controlled trials have shown NNS use to be BMI neutral or to have modest weight-reducing effects in overweight and obese adolescents [80] [81] [82] and adults [78, 83] . Several meta-analyses have shown that NNS do not have unwanted effects on appetite or subsequent food intake, blood pressure, insulin release, and glucose homeostasis (for review see [77, 84] ). Although some adverse effects of aspartame have been claimed, the European Food Safety authority (EFSA) has concluded that the claims of various opponents were not supported by actual knowledge [85] . Most of the authors of these safety claims forget to ask another essential question. Is there a true usefulness of such food additives in water? What are the true health benefits, if any, of inclusion of aspartame (and other more recent NNS) in beverages [86] ? Is it the only reasonable strategy to induce a modest reduction of the intake of calories? It is expected that future quantitative risk-benefit analyses, performed by truly independent scientists, will be able to provide more comprehensive advice. Their long-term effects on children' and adolescents' health are still unknown. Little is known about their mechanisms of action, and some results suggested a putative impact on sweet taste receptors in the gut. Some animal studies have revealed that NNS activate gut sweet-taste pathways that control incretin release and up-regulate glucose transporters. Nevertheless, human studies found that interaction of NNS with sweet-taste gut receptors is not sufficient to elicit incretin responses [87] . The potential benefits of NNS consumption remains a matter of debate. It is suggested that NNS, when rapidly prescribed by clinicians in overweight and obese patients, would facilitate reductions of added sugars but the potential benefits of their intake remain open. Recent studies have shown that dietary changes can reshape the gut microbial community [88] [89] [90] . The possible disturbance in host-macrobiota interactions by NNS intake is an open question which requires deeper investigation [91] . It must be questioned if NNS consumption may cause dysbiosis with loss of microbial and genetic diversity of the human gut microbiome.
Beneficial Effects of Dietary Water Intake on Weight
The association of contributors of water intake with dietary characteristics, meal consumption, and body weight were examined in the US population. Various contributors of total water intake differed in their association with dietary characteristics and body weight in the adult [92] . According to two recent systematic reviews, although limited to nonexhaustive search strategies on weight regulation procedures, it was concluded that increased water consumption may have a beneficial role in weight management and obesity prevention. Encouraging water consumption to substitute energy-containing beverages may facilitate weight management [93, 94] . According to Daniels et al. [95] , clinical trials, along with epidemiologic and intervention studies, provide findings which suggest that water has a potentially important role to play in reducing energy intake. Nevertheless, results of cross-sectional associations do not necessarily reveal causal effects of increased water consumption on body weight outcomes.
A recent and important systematic review based on an extensive literature search has summarized the existing evidence on the association between water consumption and body weight outcomes in adult of any body weight status. The final outcomes of longitudinal studies with variable follow-up periods and cross-sectional studies were carefully analyzed by the authors [96] . They mentioned that their final conclusions are certainly limited by the paucity of original studies and the limited number of longer-term investigations. Moreover, they performed a careful consideration of the funding of studies to support their interpretations. In the context of studies evaluating the relationship between water consumption and body weight, they did not find any trend for bias by sponsorship. Public health efforts to promote healthy beverages should recognize the potential impact of tap water perceptions on water and SSB intake among low-income populations at higher obesity risk. Understanding characteristics associated with low drinking water intake may help to identify populations that could benefit from targeted and adapted interventions [97] .
In two recent studies, changes in water and beverage intake and long-term weight modifications have been investigated in three prospective cohort studies. Increasing water intake instead of SSBs or fruit juices was associated with lower long-term weight gain [98] . In a study (18-month duration) with a double blind design, performed in healthy normal-weight Dutch children, it was shown that masked replacement of a sugar-containing beverage with a sugarfree beverage significantly reduced weight gain and body fat gain [69] . Intervention studies must be oriented towards families since it was noted, at least in US schools but also in EC schools, that they are a rather limited source for SSB consumption [49] . A pilot study in the Netherlands reported that the mean intake of SSBs at school was high, more than 500 ml/day for boys and more than 250 ml/day for girls, but only a minority of these quantities was purchased at school. Moreover, placement of water coolers in a small-scale pilot study did not affect sales of SSBs at schools [99] . Thus, initiatives to restrict SSB access only limited to schools may have a marginal impact on overall SSB consumption. It is important to establish if, in an attempt to reduce sugar-related caloric intake via SSBs, switching to low-calorie sweeteners is safe and does not impact on total calorie intake.
The potential mechanisms that might contribute to a beneficial effect of dietary water intake on weight maintenance and even weight loss are poorly established and are still a matter of debate. One of the most commonly proposed effects is the suppression of hunger with a concomitant reduction of energy intake. Consuming 500 ml water prior to each main meal leads to greater weight loss than a hypocaloric diet alone in middle-aged and older adults; water ingestion was considered to reduce meal energy intake [93] . Self-monitoring of daily increased water consumption may provide additional weight loss or maintenance benefits [100] . Recent observations suggested that pH of drinking water could affect the composition of gut microflora, thus leading to an altered autoimmune response [101] . However, according to the authors, since it is currently assumed that the pH of drinking water may only affect the upper alimentary tract, studies are needed in the future to understand the incidence of the pH of drinking water on the microflora of the upper alimentary tract and the mechanisms triggering immune modulation by these microbial communities.
Some studies have focused their attention on a putative water drinking-induced thermogenesis. For some authors, it was claimed that it could represent an important and unrecognized component of daily energy expenditure. A study has revealed that drinking only 500 ml of water increased energy expenditure and blood pressure response over the course of 60 min after ingestion in normal-weight and obese men and women. Thus, drinking 2 l of water per day would augment energy expenditure by approximately 400 kJ. The water-induced increase in energy expenditure was diminished by a systemic beta-adrenergic receptor blockade. Involvement of sympathetic nervous system activation at the spinal level was suspected [102] . Rather than water temperature or gastrointestinal stretch, involvement of osmosensitive mechanisms or osmolality of water was proposed [103] . It was shown that the osmopressor response to water may be mediated through osmosensitive afferent structures in the gastrointestinal tract, portal vein, and liver [104] . More recently it was demonstrated that the osmopressor response involves the osmosensitive transient receptor potential vanilloid 4 channel ( Trpv4) [105, 106] . Another study has also revealed an increase of up to 25% in resting energy expenditure following the drinking of 10 ml/kg of cold water in overweight children, (an effect lasting for over 40 min) [107] . From these studies it was suggested that water drinking could assist overweight children in weight loss or maintenance. However, doubt on the importance of the thermogenic effects of water intake also came from other studies. Drinking water that had been cooled to 3 ° C caused a small increase in energy expenditure of 4.5% over 60 min; it is a minor effect [108] . For other authors, the increase of energy expenditure induced by water load did not exceed the energetic cost of water heating, from room to body temperature [109] . Thus, the true impact of water intake on energy expenditure remains largely an open question and requires further investigations.
Another beneficial physiological mechanism able to explain the impact of water consumption on weight could also be related to the fact that water could be ingested in other forms than plain water and included, for example, in the preparation of hot beverages such as coffee and tea. Water consumed in the form of such non-caloric beverages could exhibit some actions on weight maintenance via caffeine, theophylline, and the numerous polyphenols. Caffeine and related methylxanthines are perceived as substances having both a diuretic action and a lipolytic effect. However, diuretic effects are observed after the ingestion of coffee and tea only in large doses and by individuals who have been deprived of caffeine for a couple of days. However, consumption of caffeine-containing beverages does not lead to fluid loss and is not associated with poor hydration status. It is considered that a tolerance to diuretic effects of caffeine develops in regular consumers of coffee or tea. Its diuretic action cannot be demonstrated in such consumers [110] . Tea consumption is inversely associated with weight status and other markers of the metabolic syndrome [111] . Green tea preparations, which contain both catechins and caffeine, are believed to have thermogenic and antiobesity properties. Consumption of green tea preparations when combined with resistance training increases body fat loss, waist circumference reduction, lean body mass and muscle strength, and reduces triacylglyceride levels [112] . Of note, in recent years, due to aggressive and questionable marketing strategies of beverage industry towards young population, the consumption of sport drinks and also energy drinks has become popular for young adults in North America, Europe, and a number of other countries. They have a tendency to replace SSBs, even in a population with limited physical activity.
Despite the increasing number of reported studies addressing the weight gain prevention or weight-reducing effects of increased water consumption that raise awareness among members of the public health community, evidence for an association is still low, mostly because of the lack of good-quality studies which are expected in the near future [96] . Tap water is accessible and safe in many countries, but its relevance for the public health remains debated. Unfortunately, studies on tap water have not been proposed by the time being by any public health authority or government. Most of studies on water consumption were funded by the beverage industries which are interested in marketing bottled water. Nevertheless, in the context of obesity prevention and hydration it seems obviously safer to promote the consumption of water instead of SSBs from a Public Health perspective.
Actualized Guidelines for Fluid Intake
The importance of the nature of fluid intake has been often neglected in guidelines and also in the clinical setting. Fluid intake recommendations are difficult to establish and must take into account variations due to work and physical exercise intensity, environmental conditions, and even protective clothing. A number of recent reviews about the physiological regulation of body fluids, thirst, and fluid intake have been published [113] [114] [115] [116] . It is unclear why humans do not appear to react to the physiological signs of thirst as animals. Voluntary drinking is also a behavior influenced by numerous social and psychological cues; several factors have been discussed [115, 117] . Practically, the question 'what do you drink' is often omitted in the usual questionnaires, and recommendations for beverage (fluid) volumes intake are absent of most 'food pyramids'. The need for an improved healthy hydration must be highlighted in public health. This overview does not intend to systematically review all the numerous papers and systematic reviews concerning water consumption, weight management, and obesity prevention.
The recommendation 'drink to thirst' is frequently given to healthy individuals during daily life. However, factors and conditions (e.g., age and disease) that influence thirst should be recognized and probed further. Perceived thirst and ad libitum drinking are not equivalent measures of human thirst [115] . Human water needs have often been discussed [118] [119] [120] , and recommendations for healthier hydration have recently been proposed [121] . In this paper, the authors claim that attention of providers of healthcare education and the public must be alerted and must be aware of important points: • Overconsumption of SSBs and other beverages containing sweeteners exert detrimental effects on long-term health. • The composition and sugar content (with calorie equivalents) of actual and emerging beverages is regularly modified for marketing purposes and difficult to follow by the consumers; a clearer labeling of beverages is needed. iii). • It is important to favor healthy hydration in community intervention programs to obtain data that will assess the role of water consumption in a healthy and balanced diet. Several actions were proposed at a local, but also national level to ensure adoption by the general public [121] . The following proposals focus attention on various aspects related to water consumption: • Revision of national nutrition guidelines to emphasize the importance of water as a macronutrient and to include dietary water within the 'food pyramids' around the world. EC countries have the chance to have an access to safe tap water; the cheaper beverage available for all. It is an important point to remind to the EC consumers. However, a number of countries still have no access to safe water. • Inclusion of practical advices will facilitate healthy hydration behavior within the context of the rapid evolution of dietary and lifestyle changes and the regular emergence of heavily marketed beverages of questionable value for health. Special attention must be paid to the low-income populations and populations which are the most susceptible to develop obesity. Early preschool programs must be developed for young children. • Guidelines should be simple, effective, and include easy-to-remember targets for each group of individuals ( table 1 ) . For example, according to EFSA, guidelines advise normal adults to consume approximately 2 l of total water per day for females and 2.5 l for males. Daily total water needs increase with age from early infancy (0.85-1.0 l/day) between 6 to 12 months through childhood with 2.1 l/day for boys and 1.9 l/day for girls from 9 to 13 years of age [122] . There is a need to emphasize the consumption of safe water intake during the practice of physical activity and sweating and for all those living in hot environments; adaptations of the general recommendations could become necessary. Importantly, healthy eating behaviors and regular exercise practice must be associated to the hydration guidelines. • Validation and optimization of the usual hydration procedures by longitudinal studies extended to different populations with water being the primary research question in the exploration between body weight outcomes and water intake (different countries, different environments, different socioeconomic levels, and different age groups affected by various diseases and patients submitted to medications). New research programs should be initiated to identify the specific daily water needs of groups at risk of disturbed hydration (e.g., patients treated with laxatives or diuretics resulting in sodium loss, sedentary and/or active children, pregnant and lactating women etc.). Water intake recommendations are often based on the assumption that solid food and metabolic water could provide 1 l of water daily; more precise evaluations could be necessary in some individuals. This relationship is quite variable and largely depends on the choice of foods and beverages in the countries. Safe hydration remain a major challenge in a number of countries facing major problems for a free access to safe tap water and spring-water without any bacterial or chemical contaminations. • Elderly individuals are at increased risk losing water compared with younger adults since ageing affects several parameters of water metabolism (i.e., diminution of liquid intake and increase in liquid losses). The total water intake for the middle-old and oldestold was significantly lower than that for the young-old [123, 124] . Moreover, solid food may not provide sufficient daily water in the elderly as in adults. Hypohydration is Table 1 . Summary of human water needs
• Water is an essential macronutrient; the major routes for water output from the body are ki dneys, skin and respiratory tree. It is considered that a sedentary adult loses between 2.0-3.0 l of water per day.
•
Contribution of food to total water intake is 20-40% whereas 60-80% are provided by beverages. This relationship is quite variable and largely depends on the choice of foods and beverages in the countries. • Establishment of water reference intakes is conditioned by habits of the population (food and beverages habits). Ideally, the best recommendations set up must be by country or continent.
The adequate intake (AI) of water is derived from intake levels experimentally defined to meet adequacy for all members of the reference healthy population.
Daily total water needs increase with age from early infancy (0.85-1.0 l/day) between 6 to 12 months through childhood with 2.1 l/day for boys and 1.9 l/day for girls from 9-13 years of age. Adolescents of 14 years and older are considered as adults. (EFSA guidelines, 2010).
For adults, according to EFSA guidelines, the median total daily water needs for sedentary individuals living in temperate climates approach 2.5 l for men and 2.0 l for women (which must be adjusted to 2.3 liters during pregnancy and 2.7 l during lactation). Note that a sweat loss induced by modest daily exercise could reach 1.4 l/day and increase daily water requirements by 45%.
Elderly individuals are at higher risk of developing dehydration for various physiological reasons. Loss of physical and mental autonomy aggravates the capacity to drink. It is considered that the minimum water intakes for drinking water and beverages must range from 1.5-1.8 l/day; some adaptations are often done according to the age, sex and medications.
When exercising, water is the best drink for most people, most of the time. Water is sufficient for low to moderate-intensity physical exercise. Non-endurance athletes do not need to immediately replace carbohydrate or sodium loss from sweating. Cold water is fine for rehydration. Fruit juices and soda should be avoided since they contain too much sugar.
Athletes enduring physical activity for more than 90 min at a time, sports drinks and adapted fluid-replacement beverages offer beneficial interest to partly replenish water loss and lost nutrients.
Caffeine, which is present in coffee, tea, chocolate, and numerous 'energy drinks' has a diuretic and natriuretic effect. It decreases water and particularly sodium reabsorption in the kidney and can potentially lead to a total body water deficit . • When exercising in a hot environment, sweating can reach 1 or 2 l/h of water loss. Water losses incurred under extreme conditions implicating external temperature and heavy physical exercise, water losses can be up to about 8.0 l/day and must be replaced with appropriate amounts of water (and electrolytes).
considered as a precipitating factor in a number of acute medical problems in elderly. The increased risk of dehydration is related to several factors such as the decreased efficacy of kidney to concentrate urine and its relative resistance to vasopressin (the anti-diuretic hormone) action, the lowered secretion of aldosterone, the decrease of renin activity, and, finally, the decrease of the sensation of thirst. Hydration care of older people must also take in account difficulties in gaining access to drinks with diminution of mobility, cognitive alterations, swallowing problems, or visual troubles. Strategies for ensuring good hydration in the elderly have been proposed [125, 126] . Recommendations from different nutrition societies are quite heterogeneous. Optimal hydration conditions are debated, a minimum of 700-800 ml/day was usually recommended for the oldest individuals by some authors [125] . The minimum water intake for drinking water and beverages for elderly > 65 years must range from 1.5 to 1.8 l/day for others; some adaptations being necessary according to the age and sex [123] . • A need for appropriate water intake definition is requested in populations living under very hot climate or when working hard under warm environmental conditions. Thermoregulatory sweat is the main source of water loss, and evaporation of sweat is the main avenue of heat loss during exercise and heat stress. Under such extreme conditions sweating can reach 1 or 2 l/h of water loss and water losses can be up to about 8.0 l/day and must be replaced with appropriate amounts of water. Moreover hydration and nutrition of individuals engaged in distance events, ultra endurance exercise, and adventure racing also require special attention [127] .
Physical Activity Counseling in Weight Loss and Weight Maintenance
Rationale for the Role of Exercise in Weight Loss and Weight Maintenance
Mechanization has reduced hard physical labor as well as physically active transportation. Physical activity and exercise are components of energy expenditure and therefore of energy balance. Resting metabolic rate represents the major component of total energy expenditure. A number of studies have investigated the evolution of energy expenditure and physical activity and discussed their influence on obesity risk. Body weight normally increases with age, but habitual, lifetime physical activity can reduce weight gain. Roughly, the most likely environmental factor contributing to the current obesity epidemic is the continued decline in daily energy expenditure which is not matched by an equivalent reduction in energy intake [128, 129] . However, it has also been suggested that the increased energy supply in the USA is more than sufficient to explain the epidemic of obesity in this country [130] . Participation in appropriate amounts of activity can support healthy weight maintenance or even weight loss. Sitting time appears to be an independent risk factor for the development of metabolic risk factors; persons who spend more time sitting and watching television have worse metabolic profiles [131, 132] . Some authors claim that evidence does not support a relationship between physical activity and obesity and have a tendency to minimize the role of physical activity [133] . It is certain that the causes of the obesity epidemic which are poorly understood facilitate emerging contradictory debates [134] . Nevertheless, it is generally accepted that moderately active persons gain less weight over time than sedentary people. A strong recommendation needs to be made to improve interventions that promote physical activity within the context of behavioral weight loss interventions [135] . Maintaining high activity levels through young adulthood may lessen weight gain during young adult's transition to middle age, particularly in women [136, 137] . Inversely, a recent study has shown that short-term positive energy balance from overfeeding and under-activity resulted in impaired metabolic outcomes and alterations in the expression of several key genes involved in nutritional balance, metabolism, and insulin action within adipose tissue. These changes were mostly prevented by the addition of a daily vigorous-intensity exercise bout even in the face of a standardized energy surplus [138] . Declines in physical activity contribute to the obesity epidemic. For example, studies over 5 decades have shown that a decrement of daily occupation-related energy expenditure which has decreased by more than 100 cal/day may have contributed to the increasing prevalence of obesity in women during the last 5 decades [139, 140] . Improved methods for calculating population-level estimated energy requirements and average physical activity ratio will certainly provide novel quantitative baseline values for future investigations into associations of physical activity and health [141] . Moreover, in front of the potential intergenerational transmission of obesity and obesogenic behaviors, it was recently suggested that maternal inactivity may be an important target for the primary prevention of chronic non-communicable diseases and obesity [142] . To summarize, exercise is essential for the prevention of weight gain over the life span, although the amount required to prevent weight gain is difficult to determine properly. According to American authors, it may be closer to twice the amount of exercise recommended by the current Physical Activity Guidelines for Americans [143] .
Physical Activity and Adipose Tissue
Physical activity influences adipose tissue both acutely and in the longer term. Changes in energy balance alter fat mass. Epidemiological observations support the idea that physically active people have relatively low fat mass. A single bout of exercise stimulates adipose tissue blood flow and fat mobilization, resulting in delivery of fatty acids to skeletal muscles at a rate well-matched to metabolic requirements. Metabolic efficacy is an important parameter which could affect weight loss in response to a physical activity intervention. Differences in metabolic adaptation (i.e., in the decrease in energy expenditure that occurs with weight loss) have been reported. One study was devoted to the comparison of ethnic differences in the reduction in energy expenditure in response to a weight loss program [144] . The diversity of immigrant populations in European countries is continuously increasing, and more studies are necessary to understand why the impact of physical activity on weight maintenance and cardiometabolic risk differs according to ethnicity. The best approaches to promote physical activity in non-Caucasians ethnic groups are still to be established [145] .
Intervention studies tend to show that exercise training reduces fat mass. A recent review has explored the role of physical activity and exercise training in the prevention of weight gain, initial weight loss, and weight maintenance. The discussion was oriented towards the expected initial weight loss from different exercise training programs and has explored their intensity/volume relationships. [146] . A single bout of exercise stimulates adipose tissue blood flow and fat mobilization, resulting in delivery of fatty acids to skeletal muscles. In addition to the regulation of fat mass, physical activity may contribute to metabolic health through beneficial dynamic changes within adipose tissue in response to each activity bout. Recent reviews have examined the impact of physical activity on visceral fat. Briefly, out of 17 randomized controlled studies that reported only modest weight loss with an exercise intervention (>3%), the vast majority reported significantly reduced visceral adipose tissue [147, 148] . A much discussed effect of exercise versus calorie restriction in preferentially reducing visceral fat is not borne out by meta-analyses.
In weight loss programs, exercise training has been shown to optimize fat loss when associated to energy restriction. Nevertheless, aerobic exercise training programs consistent with public health recommendations may promote up to modest weight loss ( ∼ 2 kg). The weight loss on an individual level is highly heterogeneous, and clinicians should educate their patients on this point. One needs to have reasonable expectations about weight loss through a physical activity program and should remember that health benefits could occur in the absence or with minimal weight loss [146] . A preferential loss of visceral fat, which has been reported during long-term follow-up, could bring health benefits without striking weight changes. Light physical activity, determined by a motion sensor device, reduces visceral fat and decreases insulin resistance in high-risk subjects [149] . Aerobic exercise, but not resistance exercise, reduce visceral fat and improve insulin sensitivity in obese adolescent girls [150] . The health benefits of resistance training should not be undervalued. Increased intensity in high-volume training is efficient in enhancing visceral fat loss in moderately obese individuals. High-intensity-resistance training induces faster visceral fat loss [151] . Evaluation of changes in fat mass and lean mass are recommended in determining the impact of exercise on body weight. During weight loss programs, gender-related differences have been reported in the increased calorie intake following exercise. Women have a tendency to compensate by increasing energy intake after exercise [153] . Prescription of exercise training requires appropriate definition of the length of the prescribed bouts of aerobic versus resistance training for the individuals. Aerobic alone and aerobic plus resistance training significantly improved metabolic syndrome scores and prevalence in patients with type 2 diabetes [153] .
Claims of the benefits of physical activity and physical activity guidelines exist in many countries [154] [155] [156] . In pre-pubertal obese children, a regular physical activity program reduces blood pressure, arterial stiffness and abdominal fat, and increases cardiorespiratory fitness. Moreover, arterial wall remodeling is delayed [157] . The major problem is to reach the physical activity goals as clearly described in the guidelines. It is essential to convince the overweight and obese patients that individuals who are physically active have fewer visits to the physician, shorter stays in the hospital, and a reduced medication. Adults should be encouraged to reduce the time spent in sedentary behaviors, whenever possible, and to participate in moderate to vigorous physical activity at recommended levels [132] . Exercise training is beneficial for weight loss if the exercise program is strictly followed by the individuals. Trained experts of physical activity and exercise protocols must be the prescribers of exercise programs. Exercise is like a medical protocol with a definition of indication, dosage, and putative side effects which requires guidance to settle the appropriate progression of aerobic activity/strength training adapted to the weight status of the patients and to the existing comorbidities [148] . Moreover, it is important to keep in mind that exercise recommendations are often difficult to complete for individuals who are already overweight or obese. If body composition is determined, it provides an excellent tool to explain to the patients the benefits of physical activity, independently of body weight changes. The resistance of some fat deposits to exercise-induced lipid mobilization could be disappointing for some patients [158, 159] . Such limitations must be communicated by the practitioner to clearly explain the benefits but also some limits of exercise.
Exercise and Hydration
Loss of body fluids containing water and electrolytes during exercise occurs mostly by sweating. Sweat rates will vary according to a number of factors, including the size of the athlete and his or her degree of acclimatization, environmental conditions, the intensity of exercise, and the clothing worn [160] . Individuals who participate regularly in recreational sports and/or exercise are dehydrated during exercise and drink at a rate according to their perceived thirst, which barely replaces two thirds of their fluid losses [161] . Mechanisms of aerobic performance impairment with heat stress and dehydration have been investigated [162] . When possible, fluid should be ingested at rates that most closely match sweating rate [163] . Practical recommendations were published recently [122] . Papers have reported that ingestion of carbohydrates before or during exercise result in a marked reduction in fatty acid oxidation while drinking water results in better fat oxidation rates during exercise performed at <70% VO 2 max [117, 164] .
In recent years, the consumption of sport drinks and energy drinks, a rapidly growing segment of beverage industry, has become popular among adolescents and young adults performing physical activity in North America, Japan, and Europe. Sport drinks contain, in addition to their sugar content, electrolytes, minerals, and vitamins. They are often caffeinated beverages that intend to enhance alertness and 'boost' performance. The content of sodium is less desired in subjects with hypertension, whereas contents of calcium and magnesium are welcome. The basic stimulant ingredient in energy drinks is caffeine (a typical energy drink can contain up to 80 mg of caffeine), although they may or may not include high doses of sugar (or a sugar substitute). They generally include various ingredients including B vitamins, an amino acid (e.g., taurine or l-carnitine), and plant/herbal extracts (e.g., ginseng, ephedrine, milk thistle, Ginkgo biloba, or Guarana seeds extracts). Outside the well-known actions of caffeine [165] , the potential benefits or deleterious effects of the other ingredients contained in energy drinks remains to be determined. The increased popularity of energy drinks among adolescents and young adults is not surprising given the aggressive and questionable marketing strategies towards this population. Most of them are endorsed by celebrities. Despite their increasing popularity among adolescents and young adults, as revealed by a recent US survey [166] , it is important to mention that their intake is not needed for a large proportion of active individuals performing moderate exercise. Adverse events and harmful side effects have been reported with energy drink intake, and individuals with cardiovascular, metabolic, neurological, hepatic or renal diseases should avoid their use before approval of a medical expert [167] .
While sport drinks are widely available for business purposes, they are only really helpful to a small minority of athletes [116] . Intake of sport drinks is not necessary for anybody exercising less than 90 min. Water intake is largely sufficient for normal hydration. The vast majority of physically active individuals do not exercise hard enough to need the childattractive colorful drinks. An average period of exercise does not deplete the body enough to require additional energy and electrolytes; water intake is largely sufficient. The body is very efficient at providing/compensating itself to fuel a moderate exercise period. 80-85% of an active population does not get enough exercise to need sport drink intake. Among the remaining 15-20% that do exercise, 1-5% are exercising really hardly and intensely enough to really need fluid replacement beverages. During intense cycling, it would take about 2 h of strenuous activity before benefits from the sugar and electrolytes contained in sport drinks could be useful. It is certain they could also be useful when exercising intensely in the heat and for a very long time period. Interest and limits of sport and energy drink utilization requires deeper investigations [116] .
Lastly, among the strategies aiming at improvement of daily physical activity, utilization of public transportation merit deeper attention and recommendation. Populations from Australia and countries of North America are highly car-dependent when compared with European countries, which have less obesity and which have higher rates of walking and cycling. Walking and cycling for transport are directly related to improved health of older adults [168] . Using public transportation encourages people to be more active than if they are using their personal cars. They are more active generally by walking and standing up. Multidisciplinary research on environmental contributions to physical activity levels in the population must be developed to examine the impact of built environment, neighborhood, and other physical environment factors on physical activity practices [169] [170] [171] . Many studies have clearly provided evidence of the benefit of active travel at the population level. Policies of transport, land use, and the urban development should be designed to encourage, walking and cycling for daily travel [172] .
Conclusions and Future Trends
To conclude, it is anticipated that the next 10 years will reveal worldwide the collective ability to limit the extent and impact of obesity. It is essential to curb future obesity and noncommunicable disease epidemics. In a world facing massive demographic, economic, and environmental shifts, the changing levels of poverty and inequality have a negative impact on the obesity pandemics. Despite the innovative biological, physiological, and genetic discoveries that have been made over the last 40 years the pandemic of obesity progresses regularly, particularly in developing countries. There is strong evidence that the prevalence of obesity will be translated into increased mortality and noticeable economic and social damages in the affected populations. Preventing the rapid progression of obesity among children and adolescents is a worldwide major challenge.
Early intervention strategies to improve weight loss (or prevent weight gain) during growth as well as counseling of overweight and obese patients by clinicians should be developed and optimized. All the successful interventions who have demonstrated efficacy need to be used and disseminated at national and regional levels. Efficacy of counseling practice guidelines alone do not appear to elicit appropriate and long-lasting behavioral changes. Public health messages raising awareness on obesity are very weak and fragile when confronted to the powerful advertising potencies of the food industry (i.e., multinational and beverage companies). The Westernized lifestyle is expanding and probably becoming even more obesogenic in countries such as South America, China, Indonesia, India, and African countries. Diets change whenever incomes rise in the developed world. Low-and middle-income countries have a tendency to abandon their traditional nutritional habits. Urbanization in many parts of the world has changed people's eating and drinking habits away from traditional healthy diets.
Processed foods and drinks sold by the food industries are invading the world. Deeper examination of the food industry is necessary; competing views on how public health professionals might engage with food industries have recently been discussed [173] . The rates of soft drink sales by industrial giants are the highest in the developing countries while it is slightly leveling in the Western part of the world. Average energy density of beverages sold decreases in USA while the opposite occurs in the developing markets. Can beverage companies cut calories while maintaining profits [174] ? How might public health professionals be able to engage a strong debate with food industries? They should adapt to provide healthy products, their profits being secondary to health in the world. It is essential to examine the activities and influences of the food and beverage industry especially in children and lowsocioeconomic-status populations [173] . The impact of the products they sell induce important costs to public health systems. They progress regularly and a constant evaluation by public health professionals is required. Future challenges probably include the development of different policies [175] . According to some authors, there is no evidence to support the effectiveness or safety of self-regulation of food industries [45] . It is noticeable that sweetened beverage companies, in response to health concerns about their products, have developed multinational corporate social responsibility campaigns that aim to influence government policies and sales increment, with a special interest for young people. The potential effects on public health of reformulating products and reduction of packages and portion sizes needs further evaluation in various countries.
Finally, public health efforts to promote healthy beverages should recognize the potential impact of water intake among low-income populations at higher obesity risk. In the context of obesity prevention and hydration it seems obviously safer to promote the consumption of water from a public health perspective. Tolerable changes in physical activity have been shown to be more effective and lasting than some approaches based on pharmacological treatments. All intervention studies that simulate the actual nature of real-life physical activity must be encouraged. As claimed by Ross and Bradshaw [147] 'clinicians could encourage positive lifestyle changes in their patients by counseling them that obesity and its associated health risks can be reduced in response to an increase in physical activity with or without weight loss'. Information on motives for drinking are still needed before conclusions can be made about ideal drinking strategies for sports. There is considerable variability for water and electrolyte losses between individuals and between the different activities. Hydration practices in sports (i.e., water vs. 'sport' or 'energy' drink consumption) merit experimental validation and certainly deeper attention in front of the numerous claims driven by marketing purposes [116, 160] . In children, water is the only drink recommended during an effort of less than 1 h as claimed by the American Academy of Pediatrics. The possible role of the scientific community, in coordination with governments and food industries, to promote healthy lifestyle and limit the promotion of sweetened beverages in youth must be encouraged. Water consumption has a clearly high potential in our aims to combat the obesity epidemic, to improve global health, and to reduce inequalities. The 'pool' of evidence now needs to be 'watered' by studies on whom, when, and where to stimulate drinking water.
